We carried out photometric observations of the SX Phe star BL Cam in 2014, 2017 and 2018 using Nanshan 1-m telescope. In addition to the dominated frequency of 25.5790(3) cd −1 and its two harmonics, an independent frequency of 25.247 (2) cd −1 , which is a nonradial mode frequency, was detected from the data in 2014. A total of 123 new times of light maxima were determined from our light curves in the three years, which, together with that published in the literature, were used to analyze the O−C diagram. The change rate of the main period was derived as (1/P)(dP/dt) = -2.39 (8)×10
INTRODUCTION
SX Phe stars are high-amplitude δ Scuti variables (HADS) belonging to Population II stars with high spatial motion and low metallity (Fauvaud et al. 2006) . However, some of them are metal-rich and more like halo A-type stars found in the Kepler field of view (Nemec et al. 2017) . The SX Phe stars have masses of ∼1.0 − 1.2 M ⊙ and relatively young ages ∼2.0 − 5.0 Gyr (Nemec & Mateo 1990) . They are mostly located in the blue stragglers of globular clusters (Martinazzi et al. 2015; Kains et al. 2015; Kopacki 2013 ) while some of them are also found in the field. However, there are no observation differences in the physical properties of SX Phe stars in the field and in the globular clusters (McNamara 2011) . The pulsating behavior of the SX Phe stars in the field is similar to the Population I high amplitude δ Scuti stars (Catelan & Smith 2015) . Most SX Phe stars have short periods ( 0.08 d) and large amplitudes (> 0.3 mag) (Fauvaud et al. 2006) . It is generally assumed that the metal-poor HADS show only two radial pulsation modes, but BL Cam (α 2000 = 03 h 47 min 19 s , δ 2000 = +63 o 22 ′ 07 ′′ , < V > ∼ 13.1 mag, ∆ V ∼ 0.33 mag, Rodríguez & Breger 2001 ) as a SX Phe star in the field seems to be an exception (McNamara 2011) .
BL Cam was discovered by Giclas et al. (1970) and considered as a possible candidate of white dwarf. Berg & Duthie (1977) noted that it is a pulsating star with the period of 0.039 days and the amplitude of 0.33 mag. McNamara (1997) determined its metal abundance of [Fe/H] = −2.4 and classfied it as a Population II star. Its multiperiodic nature has been studied by previous authors (Fauvaud et al. 2006; Rodríguez et al. 2007; Fu et al. 2008) . Hintz et al. (1997) reported its first overtone of 32.679 cd −1 , and the period ratio of the first overtone to the fundamental mode of 0.783. The first overtone around 31.6 cd −1 was also detected by previous authors (Zhou et al. 1999; Kim & Sim 1999; Zhou et al. 2001; Wolf et al. 2002) , leading to the period ratio of 0.810. However, the first overtone was not detected by Fu et al. (2008) . Rodríguez et al. (2007) carried out a multi-site photometric campaign of BL Cam and detected 21 independent pulsation frequencies (excluding the fundamental mode) with amplitudes ranging from 1.6 to 7.4 mmag. The first overtone and the period ratio they obtained are the same with that of Hintz et al. (1997) . The multiperiodic nature of BL Cam and the controversies of its first overtone make it deserve further study. Hintz et al. (1997) discovered the long-term increasement of the main period using the O−C method. Breger & Pamyatnykh (1998) performed an analysis of the O−C diagram, revealing an increasement of 0.02 s of the main period over the past 20 years with the period variation rate of (1/P)(dP/dt) = 2.90×10 −7 yr −1 . Kim et al. (2003) pointed out a reversal trend in the O−C diagram of BL Cam since 1999, which led to a possible sinusoidal behavior, suggesting that BL Cam might be a binary system. The binary system analysis of O−C diagram of BL Cam has been published in previous literature (Fauvaud et al. 2006; Fu et al. 2008) . Fauvaud et al. (2010) performed a triple system analysis of the O−C diagram. However, the determination of the second companion's parameters was not successful. Conidis & Delaney (2013) suggested that there might be an abrupt change in the main period, probably because BL Cam is a triple system.
To study the characteristics of pulsation and behaviors of the main period of BL Cam, CCD photometric observations had been performed in 2014, 2017, and 2018 . Section 2 of this paper presents observations and data reduction. Sections 3 and 4 give the results of frequency analysis and the O−C diagram diagnosis, respectively. We discuss our results in Section 5. The summary of this work is given in Section 6. • E and 43.8
• N, near Urumqi of Xinjiang in China. The telescope was equipped with a standard Johnson multicolor filter system (i.e., U B V R I filters) (e.g. Cousins 1976 ) and an E2V CCD 203-82 (blue) camera mounted on the primary focus of the telescope. The CCD camera, which has 4K×4K pixels and a 1.3
• × 1.3
• field of view, operated at a temperature of about −120
• C cooling with liquid nitrogen (Song et al. 2016; Ma et al. 2018) .
The exposure time of observations was either 3 s or 5 s in 2014, 10 s in 2017, and 12 s in 2018. The exposure time increased in different observation seasons in order to get a high signal-to-noise ratio (S/N). A total of 11,854 CCD images are obtained on 14 nights using V filter, including 6831 images on nine nights in 2014, 4173 images on four nights in 2017 and 850 images on one night in 2018. The journal of observations of BL Cam is given in Table 1 .
The IRAF 1 (Tody 1986 (Tody , 1993 package was used to reduce all CCD images by subtracting the bias and making flat field correction using the master flat. The dark correction was not considered because the thermal noise of the CCD camera was negligible with the value less than 1 e pix −1 h −1 at the temperature of −120
Two stars selected by Conidis & Delaney (2013) were taken as the comparison and the check star, respectively, as shown in Figure 1 . The standard deviations of the differential magnitudes between the check star and the comparison star yield the estimations of the photometric precisions, with typical values of 0 m .005 and 0 m .035 in good and poor observational conditions, respectively. The light curves of BL Cam were obtained by calculating the differential magnitudes between the target and the comparison star. For frequency determination, every data point of the light curve takes its own weighting, which is the inverse square of the photometric precision. Figure 2 shows the light curves of BL Cam in V band in 2014, 2017 and 2018, respectively.
FREQUENCY ANALYSIS
Frequency analysis was performed with the light curves in 2014 by using Period04 (Lenz & Breger 2005) , which focuses on multi-frequency analysis using Fourier transform and least-square fitting. The following formula was applied to the fitting of the light curves:
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where A i , f i and ϕ i are the amplitude, frequency, and phase, respectively. We follow a standard pre-whitening procedure. First, the highest peak in the spectrum of the light curves was selected as a significant frequency, which was taken to do least-square fitting to determine the values of frequency, amplitude, and phase. Theoretical light curves were then constructed with the solution of the determined frequency and subtracted from the origin light curves to get the residual light curves. Then, we picked out the highest peak in the spectrum of the residual light curve as the next significant frequency and subtracted the light curves constructed with the solutions of all the detected frequencies from the origin light curves. We repeated the above steps until no significant frequency was detected. We adopted S/N > 6 (Baran et al. 2015; Barceló Forteza et al. 2015) as the criterion of resolving the frequencies. Table 2 lists the significant frequencies detected from the light curves in 2014.
The dominated frequency f 0 = 25.57827 (9) cd −1 and its two harmonics f 1 (2f 0 ), f 4 (3f 0 ) were detected from the light curves in 2014. In Table 2 , the frequency detected in the region of 0−3 cd −1 was not considered to be significant frequencies of the variable star, as it may very possibly be caused by either the instrument sensitivity instability or variations of the atmospheric transparency as suggested by Yang et al. (2012) and Yang et al. (2018) . The frequency of f 3 , which is not linked in any way with the other significant frequencies, is considered as an independent frequency. Figures 3 and 4 show the spectral window and Fourier power spectra of frequency pre-whitening process for the light curves of BL Cam in 2014, respectively.
Because the data collected in 2017 and 2018 covered only four nights and one night respectively, we did not try to do frequency analysis with the data in these two years.
PERIOD VARIATION ANALYSIS

Times of maximum light
The O−C method is a classical method for studying the periodic variations of the variable star as it is sensitive to the cumulative effect of periodic changes (Sterken 2005; Dejaiffe 2007 ). The times of maximum light of BL Cam were derived by fitting a third or fourth order polynomial around each peak of the light curves, the median uncertainty is σ = 0.0001 d. In total, 123 new times of light maxima were determined and listed in Table 3 . Together with the 1460 times of light maxima published in the previous literature (Berg & Duthie 1977; McNamara & Feltz 1978; Rodriguez et al. 1990; Hintz et al. 1997; Zhou et al. 1999; Blake et al. 2000 ; 
O−C diagram
Using the 1583 times of the light maxima and the linear ephemeris given by Zhou et al. (1999) :
the number of cycle (E) for each observed maximum is calculated. Linear fitting of Heliocentric Julian Day (HJD) and cycle number (E) yields a new period value of 0.0390979135 (9) and a new linear ephemeris as HJD = 2443125.7938(4) + 0.0390979135(9)E, (
Using the new linear ephemeris (Equation 3), the values of O-C could be determined. The times of light maxima determined in this work, the numbers of cycle (E) and the values of O-C are listed in Table 3 . Conidis & Delaney (2013) show that a discontinues change in the main period is supported by the whole data of O−C diagram. In this paper, we do not intend to explore the discontinue change of the main period, which was discussed by them. Fu et al. (2008) carried out the binary analysis for the O−C diagram on the data of HJD > 2448800 (E > 150000). We do the fitting to the data of E > 150000 to determine whether BL Cam is in a binary system. To determine the change rate of the main period (1/P)(dP/dt), a parabolic fit is performed for the O−C diagram. Our fit is concentrated on the data with E > 150000, which leads to a new quadratic ephemeris:
The standard deviation σ of the residuals of the quadratic fitting is 0.0015 days. The corresponding period change rate is (1/P)(dP/dt) = -2.39 (8)×10
When the parabolic curve (as shown in the top panel of Figure 5 ) is subtracted from the O−C diagram, the residuals show a significant periodic change (as shown in the bottom panel of Figure 5 ), which might be caused by the light-time effect. The periodic variation of the residuals could be interpreted with a binary system hypothesis and plotted in Figure 6 . The O−C residuals were fitted with the following formula (Borkovits & Hegedues 
The solutions of Equation (5) are listed in Table 4 . From Table 2 , one notes that in addition to the main frequency f 0 and its two harmonics, one frequency in the 0-3 cd −1 region, there is an additional frequency f 3 = 25.247 (2) cd −1 which has no numerical relation with the above frequencies. Hence, we think it is an independent frequency. As its value is very close to that of the main frequency f 0 , which should be a radial mode due to its high amplitude, f 3 should be a nonradial mode. We should note that the frequencies in the region of 31.6-32.6 cd −1 detected by previous authors (Hintz et al. 1997; Zhou et al. 1999; Kim et al. 2003; Fauvaud et al. 2006; Rodríguez et al. 2007) were not detected in this work. Fu et al. (2008) suggested that this might be due to the amplitude changes, leading the amplitude lower than the photometric limit of the observations. Hence, we collect all the additional frequencies in the region of 25-26 cd −1 of BL Cam in the literature (Zhou et al. 1999 (Zhou et al. , 2001 Fu et al. 2008; Rodríguez et al. 2007 ) as listed in Table 5 . One may find that the number of the frequency, the frequency values and the amplitudes are all different to each other. On the other hand, we see only one additional frequency in the 25- 
cd
−1 region in the bottom 4 panels of Figure 7 . No interpretations are present to these detections.
Period Changes
The change rate of the main period of BL Cam was determined by previous authors using a parabolic fit (Hintz et al. 1997; Zhou et al. 1999; Fauvaud et al. 2006; Fu et al. 2008; Fauvaud et al. 2010; Conidis & Delaney 2013) . The change rate of the main period determined in this work is (1/P)(dP/dt) = -2.39 (8)×10
−8 yr −1 . A binary system analysis on the residuals of the O−C is performed in this work. The following parameters of the companion: eccentricity (e ′ ), orbital period (P ′ ), projection of the orbit radius (A ′ sini ′ ), and argument of periastron (ω ′ ) listed in Table 6 are determined with the formula adopted by Borkovits & Hegedues (1996) . The values of these parameters obtained in this work are consistent with those given by the previous authors (Fauvaud et al. 2006; Fu et al. 2008 ) except the orbital period and the argument of periastron, which is probably because the newly determined data change the trend of residuals of the O−C fit. Fu et al. (2008) suggested that the main period of BL Cam might be undergone an abrupt change, because they divided the O−C data into two parts. A triple system analysis for BL Cam was performed by Fauvaud et al. (2010) , but determining the orbital parameters of the second companion was unsuccessful. They pointed out that those significant change in O−C might be due to abrupt change of the main period. Conidis & Delaney (2013) obtained the value of the abrupt change of the main period ∆P = − 0.126 (4) s by dividing O−C data into two parts, i.e. the oldest data of E < 150000 and the data in the region of E > 150000. They suggested that the abrupt change of the main period might be caused by a third body. They also pointed out that a cubic more appropriately fits the behavior of the O−C diagram as shown in top panel of Figure 5 . But the physical meaning of the third order term is not understood. Sterken (2005) suggested that statistical validity must be considered very carefully in studying sudden changes of period. Figure 5 shows the whole fitting of the O−C diagram. The data are not sufficient to prove that the abrupt change of the main period was caused by the third object, and its orbital properties are dependent on the long-term correction of the O−C trend, which need to be confirmed by future observations. To determine the mass of the companion, we use the mass function adopted in previous literature (Fu et al. 2008; Li & Qian 2010) . The value of mass function of the companion is derived to be 1.65(3) × 10 −4 and it is 17% of that obtained by Fu et al. (2008) . This might be due to the orbital period we determined in this work is different from theirs. During the observations of BL Cam we did not detect any eclipsing, hence the inclination of the system can not be precisely determined. Based on the mass of 0.99 M ⊙ of BL Cam determined by McNamara (1997) and the value of mass function given in this work, a relationship between the mass of the companion and the orbital inclination of binary, as shown in Figure 8 , could be determined. When the orbital inclination ranges from 21.16
• to 90
• , the mass of companion is between 0.072 M ⊙ and 0.025 M ⊙ . If the inclination distributes randomly, the possibility that the companion is a brown dwarf is 76%. Figure 8 . Inclination versus mass of the second body. The mass of the companion between the two pentagrams corresponds to the mass of brown dwarf.
for BL Cam reveals a period of 0.0390979135 (9) days and an update period change rate of the main period (1/P )(dP/dt) = −2.39(8) × 10 −8 yr −1 . The residuals of fitting the O−C curve implies that BL Cam might be a binary system in an eccentric orbit with a period of 14.01 (9) yr. The companion might be a brown dwarf. More photometric and spectroscopic observations are needed to reveal the pulsational characteristics and confirm the binary hypothesis of BL Cam.
